Background: Vasa praevia is a condition in which fetal vessels, unsupported by the umbilical cord or placenta, run on the fetal membranes in the lower uterine segment near the cervix. Rupture of these vessels prior to or at the time of delivery is associated with a very high perinatal mortality rate. Antenatal diagnosis of this condition with ultrasound is readily available, alters management and significantly decreases the risk of fetal loss. Materials and methods: We describe our experience of diagnosing vasa praevia at a tertiary referral ultrasound centre. The ultrasound characteristics that led to the diagnosis of vasa praevia and associated risk factors will be discussed. A guide to aid sonographers when performing an obstetric examination to help screen for this condition has been included. Conclusions: Where suspicion of vasa praevia is raised, and cannot be ruled out on transvaginal ultrasound, a third trimester scan is required.
Introduction
The mid-trimester scan often focuses on excluding abnormalities of the fetus with less emphasis on anomalies of the placenta and umbilical cord. Vasa praevia is a condition in which fetal vessels, unsupported by the umbilical cord or placenta run on the fetal membranes in the lower uterine segment near the cervix. 1 Rupture of these vessels prior to, or at the time of delivery can result in catastrophic blood loss from the fetus and is associated with a very high perinatal mortality rate. 1 Ultrasound diagnosis of this condition in the second and third trimesters has made a vast improvement on neonatal mortality and morbidity. Oyelese, et al. 2 reported that prenatal diagnosis of vasa praevia by ultrasound reduced perinatal mortality from 56% to 3% in a large study of 155 cases of vasa praevia.
The incidence of vasa praevia was previously reported to be 1 in 1275 to 1 in 8333. 3 However, many of these figures relied on diagnosis at delivery and were calculated before the availability of transvaginal ultrasound and colour Doppler. 4 More recently, Baulies, et al. 1 reported an incidence of 1 in 1351 in a retrospective study of 12, 063 deliveries from January 2000 to March 2005. Currently accepted risk factors for vasa praevia include placenta praevia, multiple pregnancies, velamentous cord insertion, succenturiate lobe and bilobed placentas. 1, 3, 5 Studies have also suggested that in-vitro fertilisation (IVF) is a risk factor for vasa praevia due to an increase in abnormal placentation from poor orientation of the blastocyst at implantation. 6 Our aim is to describe our experience in diagnosing vasa praevia in a tertiary obstetric ultrasound practice and to increase awareness and understanding of this condition amongst sonographers. We suggest some practical techniques to assist in excluding vasa praevia at the mid-trimester scan and highlighting patients at high risk requiring follow-up in the third trimester.
Ultrasound diagnosis of vasa praevia
Ultrasound is the method of choice for the antenatal diagnosis of vasa praevia. 7 It can be suspected at the time of the mid-trimester scan and confirmed in the third trimester. 8 Several techniques for identifying vasa praevia on ultrasound include: identification of the placental cord insertion, 9 applying colour Doppler over the cervix, 10 transvaginal ultrasound 7 and threedimensional (3D) ultrasound.
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Sonographic identification of the placental cord insertion is accurate, sensitive and adds little or no extra time to the routine mid-trimester scan. 2, 5 In addition, if the placental cord insertion is difficult to identify, it may be abnormal. 5 Hasegawa, et al. 10 have recommended the use of colour Doppler to aid in the identification of aberrant vessels in the region of the cervix for those women at increased risk of vasa praevia.
Risk factors at the mid-trimester scan
Several studies have identified the following as risk factors for vasa praevia: velamentous cord insertion, marginal cord insertion, succenturiate or bilobed placentas, low lying placenta, IVF and multiple pregnancies. 1, 3, 5 These risk factors increase the likelihood of unprotected fetal vessels traversing the lower uterine segment which constitutes a vasa praevia.
Velamentous cord insertion is where the umbilical cord inserts away from the main body of the placenta and traverses the chorioamniotic membranes before inserting into the placenta. 12 If the vessels from the velamentous cord insertion run across or near the cervix, this may become a vasa praevia.
Marginal cord insertion has been described by Gudmundson, et al. as being within 1 cm from the placental edge. 13 If we use the analogy of a spider web of vessels, and the placental cord insert is the centre, we can then appreciate how the vessels may run in many directions. Inferior marginal cord insert further increases the risk or a vasa praevia occurring.
Succenturiate or bilobed placentas are where the placenta forms in two or several parts, and fetal blood vessels run across the membranes to connect them. If these vessels run across the lower segment they may become a vasa praevia. Low lying placenta is abnormal implantation of the placenta that is overlying or generally within 2 cm of the internal os, at the mid-trimester scan. This may become placenta praevia in the third trimester, after the formation of the lower uterine segment. 14 When the placenta is near the internal os, there is an increased risk of aberrant vessels over the cervix.
Even if there is regression of the placenta in the third trimester, there is still potential for vessels to remain in the lower segment for the non-praevia patient. This concept of a low lying placenta at the mid-trimester scan (without placenta praevia in the third trimester) was introduced by Oyelese in 1998 15 as a risk factor and discussed in more recent articles. 2, 8 IVF has been reported to increase the risk for anomalies of the placenta and cord, which in turn increases the risk for vasa praevia. 6 For example, a velamentous cord insertion is reported in up to 12.7% 6 of IVF patients. Schachter, et al. 16 suggest that the incidence of vasa praevia in IVF pregnancies was as high as 1 in 293.
Multiple pregnancies have several cord insertion sites, therefore increasing the risk of aberrant fetal vessels occurring. A 10-fold increase in velamentous cord insertions has been reported in multiple pregnancies. 5 Multiple pregnancies are commonly associated with IVF which carries the inherent risks as discussed previously. The concept of vasa praevia is mainly concerned with aberrant vessels related to the presenting fetus in a multiple pregnancy. However, we suggest that there is a similar risk of vasa praevia if there are exposed fetal vessels on the dividing membrane from the non-presenting fetus.
While there are no vessels between the presenting fetus and the cervix, if there is rupture of the membranes with a vaginal delivery there may be catastrophic blood loss from the nonpresenting fetus with rapid demise. Therefore, we suggest it is just as important to assess the placenta, cord insertion and dividing membranes for the non-presenting fetuses in multiple pregnancies.
Rare cases of vasa praevia without any of the classical risk factors have also been observed. Below is an example of a unique case of vasa praevia that did not fit the risk factors quoted.
Techniques

Mid-trimester scan
The techniques we would suggest to exclude vasa praevia at the mid-trimester scan are: 1 When assessing placental location we also identify the type of placenta and the placental cord insertion. Suspicion is raised in the presence of a velamentous insertion, marginal cord insertion, succenturiate or bilobed placentas 2 Using colour Doppler, note the vessels on the surface of the placenta, the course they take, and the proximity to the cervical os 3 Measure the distance of the placenta from the internal os and assess the cervical length (as per ASUM Guidelines for the Mid-trimester Obstetric Scan 17 ) 4 Apply colour Doppler over the lower part of the uterus, sweeping out to the lateral margins. Take note of any vessels in close proximity to the cervix. If a vessel is suspected, identify if it is of maternal or fetal origin. On B-mode ultrasound, vasa praevia can be seen as linear echolucent structures within the membranes overlying the cervix. 15 This can be appreciated when applying colour Doppler, confirming this structure is a vessel.
When to use transvaginal (TV) ultrasound?
If vasa praevia cannot be excluded on transabdominal ultrasound at the mid-trimester scan, a transvaginal scan is required, with patient consent. Transvaginal ultrasound offers improved resolution due to the proximity to the area of interest (which allows for the use of a higher frequency probe). It also offers reduced attenuation from subcutaneous layers. 18 The same techniques used transabdominally can now be applied in the transvaginal setting to identify aberrant fetal vessels in close proximity to the cervix. 15, 18 Three-dimensional sonography (3D) If three-dimensional imaging is available, a longitudinal 3D data set of the cervix region with colour Doppler may be advantageous. The 3D data volume can be manipulated to produce a coronal plane or colour rendered image, which may better explain the relationship of the vessels to the cervix. Three-dimensional imaging may assist in the case of remote reporting, allowing the reporting doctor to make the diagnosis of vasa praevia. 11, 14 We have also found that cine loop capture is as helpful as 3D in assisting in the diagnosis. However, this requires very fast software capabilities and large data storage facilities.
Other gestations
Screening for vasa praevia in the first and third trimesters follow the same principles and understanding of placental morphology. The same techniques used in the mid-trimester scan can be applied. In particular, at our practice we aim to identify the placental cord insertion and place colour Doppler over the cervix at all gestations. When required, transvaginal scanning always offers increased resolution.
The assessment for vasa praevia in the first trimester has been discussed by Hasegawa, et al. 5 and Oyelese, et al. 2 The placental location will alter from the first to third trimesters, due to the formation of the lower uterine segment. Therefore, it seems difficult to diagnose and exclude vasa praevia at first trimester ultrasound. However, it may be helpful to identify those patients in the first trimester who are potentially at high risk of developing vasa praevia in subsequent trimesters. Velamentous, marginal cord insertions, succenturiate and bilobed placentas may be diagnosed as early as the first trimester. 5 These patients may be flagged for closer inspection at the mid-trimester scan to exclude vasa praevia.
In the third trimester: • We recommend always performing a transvaginal scan (with patient consent) if there has been any suspicion of a vasa praevia from the mid-trimester scan. This is recommended due to the position of the fetal head in the third trimester and increased distance of the probe from the area of interest. 18 Vasa praevia must be excluded to allow the patient to have a vaginal delivery. 18 However, if vasa praevia is suspected, this has an impact on management, and influences mode and timing of delivery.
• When conducting a third trimester ultrasound whether a vasa praevia has been suspected or not, it is important to note whether the patient had a low lying placenta at the mid-trimester scan. There may be regression of the placenta, but fetal vessels may remain in the lower uterine segment. As a result, a transvaginal scan would be highly recommended.
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What if I find a vasa praevia? A prenatal diagnosis of vasa praevia will require delivery by lower uterine segment caesarean section. When scanning a patient with vasa praevia in the third trimester it is important to also check the position of the fetal vessels in relation to the proposed incision site i.e. lower segment. It is imperative that the referring doctor, obstetrician and/ or place of intended delivery are made aware of the diagnosis of vasa praevia so that appropriate management plans can be made. Currently in Australia there are no agreed guidelines for obstetric management of these patients. 20 Gagnon 7 found that these patients are however at increased risk of premature rupture of membranes.
Australian statements
The Royal Australian and New Zealand College of Obstetricians and Gynaecologists (RANZCOG) released a statement in July 2012 regarding prenatal diagnosis of vasa praevia. 20 This statement advocates:
• The use of colour Doppler to all routine ultrasound examinations of singleton pregnancies to identify the placental cord insertion • A targeted ultrasound examination of the lower segment and cervical region using colour Doppler in all pregnancies with risk factors.
Transvaginal screening of the entire population is not considered to be cost effective, 20 however this may be necessary in some patients where transabdominal imaging is unclear. We advocate that applying colour Doppler when examining the cervix at the mid-trimester scan will further highlight patients at risk of vasa praevia.
Artifacts and pitfalls
There are several artifacts that may be encountered when following this guide in an effort to diagnose vasa praevia.
Flash artifact
Flash artifact occurs when there is fetal movement or movement of amniotic fluid causing colour flow to appear over the cervix as a flash of colour. Careful waiting and watching will demonstrate that when the movement ceases there will no longer be colour flow and that this was not caused by the presence of a blood vessel. 21 The use of spectral analysis will differentiate between the consistent waveform of a vessel and the disorganised signal of flash artifact.
Maternal versus fetal vessels
Occasionally, it may be difficult to differentiate between fetal and maternal vessels. 1 Try to assess the location of the vessel(s). Is it within the membranes or within maternal structures i.e. uterine wall? 2 Discover the origin of the vessels, i.e. placenta 3 Apply pulse wave Doppler to ascertain the waveform. If the waveform is arterial measure the heart rate. If it is between 120 and 180 bpm it is likely to be of fetal origin. However, if it is between 70 and 90 bpm it will most likely be maternal. If the waveform is venous it may be more difficult to ascertain if it is of fetal or maternal origin. Reassess the origin and location of the vein. Valsalva manoeuvre is a technique which may be helpful in identifying maternal veins versus fetal veins. A fetal vein will display no change in phasicity with valsalva manoeuvre. This may assist in proving a fetal vein; however we are currently investigating this technique. 
Suboptimal machine settings
Suboptimal machine settings may contribute to missing the crucial diagnosis of vasa praevia. We suggest optimising the following machine parameters to assist in making the diagnosis:
• Frequency: should be the highest possible for the appropriate depth (transvaginal probes always offer higher frequency) • Colour gain: should be set as high as possible without introducing speckle • Wall filter: should be decreased, so low flow is not missed • Pulse Repetition Frequency (PRF): should be decreased to identify low velocity flow.
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Maternal body habitus
Maternal habitus (obesity and maternal scarring) decreases the image quality, particularly in the lower uterine segment, making vasa praevia difficult to diagnose. Transvaginal scanning will offer improved resolution of the internal os, which is critical in excluding vasa praevia.
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Time Sonographer daily time constraints may be considered a pitfall in the diagnosis of vasa praevia. However, it has been estimated that incorporating a search for vasa praevia transabdominally in the mid-trimester scan, adds approximately 1 minute to the standard scan time. 1 When a transvaginal scan is required this will also add additional time to the length of the examination. In practice this will only be required for a very few patients and is necessary in excluding a condition that has the potential to cause fetal mortality. Rescan in the third trimester
Our recommendations
Differential diagnoses
Free floating cord Free floating cord between the lower uterine segment (and/or cervix) and the presenting part of the fetus may be mistaken for vasa praevia. This may be differentiated from vasa praevia by applying gentle pressure to the abdominal wall with either the non-scanning hand or ultrasound probe. This movement will temporarily displace free floating cord, whereas vasa praevia or aberrant vessels will not have this mobility.
10,11
Varicosities of the uterine veins During pregnancy blood flow increases 60 fold in the uterine vessels, which causes venous congestion and associated varicosities. 11 If these prominent vessels are located within the lower uterine segment they may be mistaken for vasa praevia. Careful examination of the location of these vessels and the type of spectral trace they produce will help to differentiate from vasa praevia.
Placental lakes
Placental lakes are seen as hypoechoic structures within the placenta that may bulge into the amniotic space. On real time scanning the slow swirling vascular pattern may be observed in B-mode. When these are seen adjacent to or above the cervix it may be mistaken for vasa praevia. However, technically this is within the placental tissue and therefore qualifies for a low lying placenta, or placenta praevia if in the third trimester.
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Amniotic membranes, placental shelf or uterine synechae If linear structures are noted on ultrasound above the cervix, and are not fetal vessels, the differential diagnoses include: amniotic membranes, placental shelves or uterine synechae. A small amount of vascularity may be noted in the case of placental shelves. 25 
Conclusion
Vasa praevia is a serious condition that may be excluded at the second trimester ultrasound when assessing for low lying placenta. Where suspicion is raised, and cannot be ruled out on transvaginal ultrasound, a third trimester scan is required. Diagnosing vasa praevia prenatally, can make a difference to the outcome of these pregnancies.
